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ABSTRACT 
After the 1995 Great Hanshin Earthquake, ground fissures were found to have radiated from the footing of a bridge pier. Simple 
experimental and numerical studies were carried out to investigate the cause of these fissures. This paper clarified that the ground 
fissures appeared not as a result of the force due to the lateral spreading of the liquefied soil acting to the back of the footing of the 
bridge pier, but due to the movement of the ground behind the riverbank toward the river caused by the collapse of the riverbank. 
INTRODUCTION 
Ground fissures radiating from the comers of the footing of a 
bridge pier were found at several sites near riverbanks and sea 
banks where soil liquefaction occurred during the 1995 Great 
Hanshin Earthquake. Reports state that the ground fissures 
were generated by the movement of the bridge pier toward the 
river or sea due to lateral spreading of the ground induced by 
soil liquefaction acting to the back of the footing of the pier. 
Investigation of the mechanism that causes this severe damage 
is urgently required, because numerous reports have indicated 
that the lateral spreading of the ground intensified the damage 
to the structures. This type of ground fissure is consequently 
being observed with keen interest. In this paper, simple 
experimental and numerical studies were carried out to 
investigate the cause of the ground fissures. 
GROUND FISSURES RADIATING FROM THE FOOTING 
Photo. I shows the view of the Nishinomiya-ko Bridge after 
its collapse caused by the 1995 Great Hanshin Earthquake 
(Nikkei Architecture, 1995). Fig. I shows the sketch and 
photograph of the ground fissures which were observed 
around the footing of the pier of the bridge (Hanshin 
Expressway Public Corp., 1999, JSCE, 1995). It can be 
recognized from Fig. I that two types of ground fissures 
appeared; I) those parallel to the riverbank behind it, and 2) 
those radiated from the footing of the bridge pier around it. 
Ground fissures radiating from the footing of the bridge pier 
were found at other sites after the 1995 event and also 
demonstrated by the experimental study using the centrifuge 
test that was carried out to investigate the behavior of pile 
foundations due to the lateral spreading induced by soil 
liquefaction (Tazoh, et al., 1999). 
Photo. I A view of the Nishinomiya-ko Bridge ajier 
its collapse caused by the 1995 Great 
Hanshin Earthquake (Nikkei Architecture, 
199.51 
EXPERIMENTAL STUDY ON THE CAUSE OF GROUND 
FlSStJRES RADIATING FROM THE FOOTING 
Simple experimental studies were carried out to clarity the 
cause of the ground fissures radiating from the footing. Fig. 2 
shows the soil container used for the studies. The size of the 
container is as follows: length 90cm, width 30cm, and height 
30cm. A pile foundation model consisting of 8 piles was 
installed at the center of the container and the pile-tips were 
fixed to the base. A sheet pile riverbank modeled using a 
plastic board was installed at the location 24cm away from the 
wall of the container. The ground was made of wet silica sand. 
The experimental studies were performed to simulate the 
collapse of the riverbank as follows: the plastic board was 
inclined forwards very slowly after lifting the edges (points A 
and A’ in Fig. 2) of the soil container by crane. The ground 
fissures appeared on the ground surface as the ground behind 
the riverbank moved toward the river causing the partial 
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Fig. I Groundfissures radiating from the footing of a pier of Nishinomiya-ko Bridge observed at Koshienhama afrer the 199.5 
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Fig. 2 The lesting model for invesligalion of rhe 
ground&w-es radiating from the footing 
collapse of the ground. According to the movement of the 
ground, the ground fissures radiating from the footing 
appeared very clearly by degrees, so that the result shown in 
Photo. 2 was finally obtained. The important point to note in 
this experiment is that the ground behind the riverbank moved 
toward the river, but the ground behind the footing did not 
move. Photo. 3 shows the results obtained from a further two 
tests. Ground fissures radiating from the footing can also be 
observed in both tests. 
These tests were carried out to simulate the movement of the 
ground caused by the collapse of a riverbank. It seems 
reasonable to conclude from the experimental study that the 
ground fissures radiating from the footing were caused by the 
movement of the riverbank toward the river or the sea. Similar 
ground movement must have occurred when riverbanks 
collapsed due to soil liquefaction during the strong motion of 
earthquakes. 
NUMERICAL STUDY ON THE OCCURRENCE OF 
GROUND FISSURES RADIATING FROM THE FOOTING 
Two-dimensional analysis using the finite element method 
(2D FEM) was carried out to investigate the mechanism of the 
occurrence of the ground fissures. Fig. 3 shows the analytical 
model of the 2D FEM. The rectangular part at the center of the 
model represents the footing of a bridge pier. 
The purpose of the analysis was to investigate the differences 
in the principal stress around the footing between two cases 
wherein a tensile and a compressive distributed force were 
applied to the right-hand side and to the left-hand side of the 
model, respectively. The case of the tensile distributed force is 
to sim:llate the condition wherein a riverbank has collapsed 
and then the ground behind the riverbank moves toward the 
river. On the other hand, the case of the compressive 
distributed force is to simulate the situation wherein a 
riverbank does not collapse and the force due to lateral spread 
of liquefied soil applies to the back ofthe footing. 
In both cases, springs were inserted between the footing and 
the rigid boundary, because the piles have the effect of 
supporting the footing. The analytical constants were very 
roughly defined without reference to any reality but taking 
into account only relative rigidity as follows; 
Ground: Young’s modulus E,=20kN/m*, Poisson’s 
ratio v ,=0.25 
Footing: Young’s modulus Er=200kN/m’, Poisson’s 
ratio v ,=0.25 
Spring: Spring constant k,=2000kN/m 
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Photo. 2 The result of the experiment investigating the cause of groundfissures radiatingfrom the footing ( 1st test) 






















Fig. 3 Two dimensionaljnite element modelfor investigation ofthe cause ofgroundjissures 
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[deformation] 
--_’ mesh lme 
- : deformatm [principal stress] 
Fig. 4 The analytical result qf2D FEM ( case where tensile distributedforce applied) 
--_ : mesh e 
[deformation] - : defonnatm [principal stress] 
Fig. 5 The analytical result of 2D FEM (case where compressive distributedforce applied) 
Ground: Length L=lOm, Width W=lOm, Thickness 
T=lm 
The analysis was carried out by the half region of the model 
by utilizing the symmetry of the model and the force. Figs. 4 
and 5 show the analytical results of the deformation and the- 
principal stress of two cases wherein a tensile and a 
compressive distributed force were applied, respectively. 
In Fig. 4, the directions of the tensile stress in the ground 
behind the riverbank are perpendicular to the riverbank. The 
tensile stresses near the back comer of the footing are at an 
angle to the lateral line. It would therefore be admissible to 
suggest that the ground fissures parallel to the riverbank and 
those radiating from the footing will be respectively generated 
by these tensile stresses. 
On the other hand, in Fig. 5, the principal stresses at the back 
of the footing result in compression, which is generated by the 
resistance of the pile foundation. It is likely that the heaving of 
the ground at the back of the footing will be observed when 
significant lateral spreading occurs. 
Figs. 6 and 7 show the structural damage caused by the lateral 
spreading of the ground induced by soil liquefaction during 
the 1995 event. It is not possible to recognize heaving of the 
ground at the back of the buildings (Nakazawa et al., 1996, 
Tokimatsu et al., 1997). Photo. 4 shows the damage to a three- 
story building and to the back of the building, shown in Fig. 7. 
A gap can be observed at the back of the building, so that it 
may be concluded that the force due to the lateral spreading of 
the liquefied soil does not act on the back of the footing. 
There are very few cases in which the heaving of the ground at 
the back of the footing is observed (Berrill, et al., 1997). 
A CASE WHERE GROUND FISSURES RADIATING 
FROM THE FOOTING WERE NOT GENERATED 
Fig. 8 shows a drawing of ground fissures around a bridge pier 
at Uozakihama on the Hanshin Expressway Route 5 caused by 
the 1995 event. It is clear that ground fissures were generated 
around the footing, not from the footing. In this case, it can be 
seen that the ground fissures were caused by differences in the 
vibration characteristics between the bridge pier and the 
ground. The reason why ground fissures radiating from the 
footing did not appear can be surmised as follows; the ground 
fissures surrounding the footing are generated by differences 
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Fig. 6 The structural damage to an I I-stoty building caused 
by the lateral spreading of the ground induced by soil 
liquefaction during the 199.5 Great Hanshin 
Earthquake (Nakazmva et al., 1996) 
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Fig. 7 The structural damage to a 3-story RC building 
caused by the lateral spreading of the ground 
induced by soil liquefaction during the 1995 Great 
Hanshin Earthquake (Tokimatsu, et al, 1997) 
in the vibrations between the pier and the ground during the 
main shock of the earthquake, ground fissures radiating from 
the footing would subsequently be generated according to the 
movement of the ground caused by the collapse of the 
riverbank after the main shock. However, the fissures radiating 
from the footing were not generated because they were 
absorbed by the ground fissures surrounding the footing. 
In order to confirm this phenomena, an experimental study 
[the !i-ont ofthe building] 
Photo. I The photographs of the damaged 3- 
story RC building shown in Fig. 7 
(courtesy of Dr. Kazue Wakamatsu) 
was carried out as follows; the ground fissures surrounding the 
footing were generated in advance by shaking the foundation, 
then the plastic board riverbank model was moved forward 
after lifting the edges of the soil container. The result of the 
experiment is shown in Photo. 5. As expected, there was no 




(I) The ground fissures radiating from the footing appeared 
not as a result of the force due to the lateral spreading of 
the liquefied soil acting to the back of the footing of the 
bridge pier and by the shaking of the bridge pier, but due 
to the movement of the ground behind the riverbank 
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crack wdth 20cm 
Fig. 8 The ground$ssures surrounding the footing of a bridge 
pier of the Hanshin expressway Route No. 5 ut 
Uozukihama (Hanshin Expressway Public Corporation, 
1999) 
toward the river caused by the collapse of the riverbank. 
(2) The ground fissures radiating from the footing were 
generated by the tensile stress in the ground, not by the 
shearing stress. 
These results lead to the conclusion that the damage to 
structures near riverbanks or sea banks was mainly caused by 
a decrease in the bearing capacity of the ground in front of the 
foundation. As countermeasures, strengthening the riverbank 
or sea bank, or the ground in front of the foundation to prevent 
the forward movement of the ground behind the riverbank or 
sea bank, and strengthening the foundation itself, are 
considered to be effective to mitigate the damage to the 
structures near riverbanks or sea banks. 
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